Confirmation of the proper placement of the endotracheal tube (ETtube) is difficult, especially with neonates. Direct laryngoscopy and observation of the ET-tube passage between the vocal cords is the standard criterion for verifying endotracheal intubation. [1] [2] [3] [4] [5] [6] [7] Detection of end-tidal carbon dioxide (ETCO 2 ), however, serves as an invaluable adjunct to confirm endotracheal intubation, detect inadvertent esophageal intubation, and monitor for accidental tracheal extubation.
Many studies have proven the colorimetric ETCO2 detector to be sensitive and specific in confirming endotracheal intubation in hemodynamically stable adults. 8 -13 However, there is little information published about the use of a similar device in children. There has always been a concern that CO 2 in a child's small tidal volume may be diluted in the large dead space of the early versions of these detectors, resulting in false-negative results (i.e., indicating esophageal placement despite correct intratracheal position of the ET-tube). 14 -16 A pediatric disposable colormetric ETCO2 detector (Pedi-CAP; Nellcor Puritan Bennett, Pleasanton, CA) with a weight of Ͻ5 gm, internal volume of 3 ml, and a resistance of 2-3 cm H 2 0 at 10 liters/ min flow has recently become available. The device detects the presence of CO 2 in the expired air semiquantitatively with a minimum concentration of 0.5% (Figure 1 ). This new device made the use of carbon dioxide determination for neonatal intubation possible. We used the device to test the value of this technique in verifying the ET-tube position in neonates (term and preterm) in the neonatal intensive care unit and the delivery room.
METHODS
MetroHealth Medical Center is a teaching facility that serves the inner city population in Cleveland. There are 4000 deliveries and 700 admissions to its level three neonatal intensive care unit per year. Teams of at least three personnel carry out delivery room resuscitations. Teams usually include a physician (a pediatric resident, fellow neo-
natology, or staff neonatologist), a respiratory therapist, and a nurse practitioner. Following approval by our institution's research practices committee, 49 newborns who required endotracheal intubation in the delivery room or the neonatal intensive care unit in the period from November 1995 till March 1996 (during the regular working hours) were entered into the study.
Two teams attended every patient in the study: the resuscitation team and an investigation team. The resuscitation team was designated as expert when headed by a neonatology physician or fellow, or novice when headed by a second-or third-year pediatric resident.
The investigation team consisted of a neonatology fellow and a respiratory therapist. Its role was to monitor time during the intubation process and record the patient's vital signs and the color status of the Pedi-CAP.
The investigators were not involved in the resuscitation. The resuscitation team members were blinded to the color status of the Pedi-CAP by covering the color indicator surface of the device with an opaque adhesive tape. This tape was partially removed by one of the investigators each time the color status was checked.
For each patient only the first attempt for intubation was recorded and included in the study.
In each resuscitation the Pedi-CAP was placed on the ET-tube immediately after intubation. The investigators then measured the time taken by the resuscitation team to determine the placement of the ET-tube. The onset of bagging was considered time 0. To facilitate this, the members of the resuscitation team were instructed to point clearly to the investigators when they thought that the ET-tube was positioned in the trachea or incorrectly positioned in the esophagus. The investigators also inquired about the ET-tube position every 15 seconds, starting with the initiation of bagging. These inquiries ended when the resuscitation team came to a decision about the ET-tube position.
The time spent verifying the depth of the Et-Tube inside the trachea was not included in the time measurement. Only the time required for the initial positioning in the trachea or the esophagus was determined.
The investigators also measured the time interval from the initiation of bagging to the point when the Pedi-CAP color indicator changed. The test was considered negative when the color indicator remained unchanged for at least 15 seconds after the initiation of bagging. This arbitrary number was chosen based on the fact that the longest duration of time after which the color indicator turned to yellow in hemodynamically stable babies was 12 seconds.
Chest radiograph findings and improvement in the patient's vital signs (heart rate, color, cap refill, and oxygen saturation by pulsoximetry if available) were used to confirm that the ET-tube was in the trachea. These vital signs were recorded before intubation and at 1, 5, and 10 minutes from the start of resuscitation.
Data were analyzed with SPSS software. The paired-sample, twotailed "t-test" was used to compare device to physical examination determination times of endotracheal tube placement; p Ͻ 0.05 was considered significant.
RESULTS
Forty-nine patients were entered into the study. Four were excluded from analysis because the investigator became involved in the resuscitation, or intubation was rapidly terminated with insufficient time to gather complete data
The patients' weights ranged from 470 to 4620 gm (mean ϭ 1540 gm; SD Ϯ 1055 gm), and the gestational age ranged from 23 to 41 weeks (mean ϭ 29.8 weeks; SD Ϯ 5.5 weeks) ( Table 1) . Twentyfour babies (53.3%) were intubated in the delivery room and 21 (46.7%) in the neonatal intensive care unit. The indication for endotracheal intubation was severe prematurity in 26 patients (57.8%), respiratory failure in 11 patients (24.3%), life-threatening apneas in 6 patients (13.4%), and re-intubation after accidental extubation in 2 patients (4.5%).
The patients age at the time of intubation ranged from 1 minute to 2 months.
Successfully Intubated Patients
Thirty-three patients (73.3%) were successfully intubated in the first attempt as proven by chest radiograph and clinical evaluation (listening to the chest and epigastrium and improvement of the vital signs). In these patients the color of the Pedi-CAP changed to yellow in 30 patients (91% true-positive) and remained unchanged in the other three babies (9% false-negative). Thus the sensitivity of the device was 91%, the specificity 100%, the positive predictive value 100%, and the negative predictive value 80%.
In the true-positive cases, the Pedi-CAP color indicator changed to yellow after 6 to 12 seconds (mean ϭ 7.9 seconds; SD Ϯ 2.2 seconds). It took the resuscitators 0 to 60 seconds to decide that the EtTube was in the trachea (mean ϭ 37 seconds; SD Ϯ 15.5 seconds; p Ͻ 0.001).
Two patients with false-negative results were intubated in the delivery room by expert teams. Their birth weights were 875 and 1865 gm, and the 1-, 5-, and 10-minute Apgar scores were 2, 4, and 7 for one patient and 1, 3, and 7 for the other. The Pedi-CAP color indicator finally changed to yellow after 5 minutes of resuscitation in both cases. The third case in which the Pedi-CAP showed no color change, despite the ET-tube being placed in the trachea, was in a 35-week gestation neonatal intensive care unit patient who suddenly developed cardiorespiratory failure secondary to fulminant sepsis. The baby received five doses of epinephrine and two doses of atropine through the ET-tube during the course of resuscitation.
Failed Intubation Group
Twelve patients (26.7%) had the ET-tube placed in the esophagus as indicated by clinical evaluation (no radiographs available). In these patients the resuscitation team recognized that the ET-tube was in the esophagus after 20 to 90 seconds (mean ϭ 45 seconds; SD Ϯ 18.3 seconds). In all 12 patients the Pedi-CAP color indicator remained purple throughout the attempt. There were no false-positive cases.
Thus, the device sensitivity, specificity, and positive and negative predictive values were 100% ( Table 2) .
The device was quite sensitive in extremely low birth weight infants. Out of the 45 studied patients, 19 were Ͻ1000 gm. In these 19 patients, the Pedi-CAP was correct in 18. There was one false-negative case. Thus the sensitivity was 94% and the specificity 100%.
A secondary goal of the study was to determine if the use of the device was burdensome or made intubation more difficult. No operator reported any problems or concerns. The device was never removed to make intubation easier.
DISCUSSION
In several studies with adult patients, colorimetric ETCO 2 monitoring has proven to be a safe, reliable, rapid, simple, and portable method for determining endotracheal tube position for patients who are hemodynamically stable. Warnings have been issued about the reliability of the color changes in cardiopulmonary resuscitation (CPR). [17] [18] [19] [20] In our study the Pedi-CAP color change always indicated successful intubation, including patients with a body weight Ͻ1000 gm (no false-positive results).
Additionally, 80% of the patients in whom the Pedi-CAP showed no color change had the ET-tube in the esophagus. Using the Pedi-CAP enabled the investigators to conclude that the ET-tube was properly placed in the trachea or the esophagus significantly faster than using clinical criteria (Table 2) .
There were three patients for whom a correct intubation showed no color change by the Pedi-CAP (false-negative results). All three had significant cardiorespiratory compromise (Apgar score Յ2 or cardiac arrest). This is consistent with the work of Bhende et al. 21 who used a similar device in larger children. They found that during CPR a positive result correctly indicated that the ET-tube was in the airway but a negative result was not informative.
In conclusion, we recommend using the Pedi-CAP in all tracheal intubations in neonates, including those with body weight Ͻ1000 gm while bearing in mind that the negative results in babies with Apgar scores of Ͻ3 or during CPR should be interpreted cautiously. Use of these devices may result in faster stabilization of newborns requiring resuscitation by eliminating some of the time spent in determining 
